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ABSTRACT

K The cylmdrlcal an’cenna, driven at its center by some transwnt vol’cage mput
-and symmetrically loaded with 1umped resistors; has been found to be.a useful

electromagnetic pulse generator. In a previous study, a procedure was developed

for selecting resistor pairs to be used to load the antenna. When these resistors
" are in place the radiated electromagnetic-field transient approximates some pre- |
scribed fast riging generally decaying function of time when a voltage step is.
impressed across the center termlnals of the antenna..

In this report ‘the components of the tran51ent electromagnetic f1e1d near the
" antenna are evaluated and the antenna synthesis procedure is extended to allow the -
selection of resistor pairs so that the magnetic field at a point of observation in the”
’ near Zone approx1mates some pI‘ESCZ‘lbed trans1ent Waveshape ‘ ‘

Because thls report is 1n’cended to be a supplement ’co the far- zope study, ‘the

- same notation is used throughout the text and frequent reference is made to theory

a"and equatlons developed m the prev1ous study
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| TRANSIENT ELECTROMAGNETIC FIELDS NEAR A CYLINDRICAL -
- ANTENNA MULTIPLY-LOADED WITH LUMPED RESISTORS

Introduotion

'The primary use of the cylindrical antenna, 7 multiply-loaded with lumped
' resnstors, has been as an electromagnetlc pulse generator for use in testmg the
effects of electromagnetlc field transmnts on pieces of equipment that might be
exposed to a transient field environment. Ina recent study, 1 - synthesis procedure
: related to this problem was evolved This syntheszs procedure yields a selection
of resistor palrs to be used fo symmetrlcally load a cylindrical antenna so that the
radlated electromagnetlc field transient approxnnates some prescrlbed fast rising
" generally. decaymg function of time when'a voltage step is 1mpressed across the
7;‘« j" : -"antenna termlnals
~ CL
" It may be desirable.to oonduct eqdi'pment’ tests near 'the‘:ra'diat.ing structure : .
for one of the following reasons: o '
1. To obtam a hlgh 1nten51ty pulse,
2. To simulate a monopolarlty pulse

3. To minimize the length of the required radiating antenna. v

These advantages gained by'moving the ‘test item in close to the structure, 'are
not without cost; some of the more obv1ous and often undesired dlfferences between

Jnear fleld and far fleld 111um1natlon of the test 1tem are:

- 1. The spacial uniformity of the pulse is decreased. The incident
field at one end of a test item is not exactly equal in amplltude ;
or shape to that 1nc1dent upon the other end. o

2. 'I‘he spa01al dlstrlbutlon of the electrlc and magnetic flelds are
.‘not identical, so that the ez(t) component is not merely 1207
,;-itimes the hqs(t) component as it is in the far zone.
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3. In the near zone; the antenna also yields a ep(t) component that is
not present in the far zone. This may result-in an erroneous
interpretation of test results taken on large items that may be
significantly affected by both en(t) and e,(t).

In this rep’o’rt' formulas are provided for the electromagnetic field components in

the near zone. ~These formulas may be used to determme the variations in pulse

shape and"amphtude expected over the volume occupled by the item under test

bt

Pl

Also, the synthesis procedure (previously developed for the synthesis of far-
zone electromagnetic field transients) that assumed a voltage step into the antenna
has been extended to an arbltrary voltage input and a point of observation in the

near zone In the near zone, one may choose re31stors 50 ’chat h¢,(’c) approximates

~

ARG

some des1red transient or so that e (t) approximates some desired transient, - but

not both 51multaneously Selectlon crl’cerla for either choice are given in the text

~ of the report.

oY B ~ EERE

"+ Analysis of Neer-qzonle Electromagnetic Fields

8y
3

gef‘fn"d'{ils' Section, approxi'mefe'forrnulas are developed for the transient '
eleefromagneuc flelds observed near a cylmdrlcal antenna multiply- -loaded Wlth

resistors drlven by a tranmen’c Voltage source

‘It mey 3".‘77," S s -

For the unloaded cylmdrlcal antenna, oi‘ length- 2h symmetrically driven at

pomts zZ = + d by monochromatlc vol’cage sources v e (Flgure 1) the nonzero

d

. .components of the electromagnetlc fleld 1n cyllndrical coordmates are

.. - B ct "EZ(?, Z, '= -, 2 2‘+ kO)AZ.(r, Z) ‘.’: N , ' ' o (1)
. SR o "' '
JRETRTE
, %,-(r, z) = - 1;2 Py Az(r, z) , (2)1
il Ry
. or i ,

(3)
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where : ; | v. | S o
: -JkR ' , : : ,
A(rz)—-——f Iz', d) S———dz' , ' (4)
andwl l‘ o ,g/“".‘"

R = ﬁlrz + (z - z')2 . ' v ' ) (5)

Y

The approx1mate current distribution on the antenna was prekusly deter-—

rnlned (3 11)

jZﬂVd AR

Iz, d)—————~———~—[smk(h—gz-dll:fig_k(h-(z+dl] . (6)

¢'Z cos k h s "x‘ -
f
' g

: . x
Substltutlon of the current dlstrlbutlon into the 1ntegral equatlon for A (r z) and

'-performlng the operatlons 1nd1cated 1n Equatlons (l) (2), and (3) ylelds

!
i
i

e ) . . 1

c oy | Ry B Rey os ke g IRy L Ry
| E-(r,z):'--fe E R e na| Rt ) (7)
» Z 14d 24 ~, COS o : lh 2h
VoV, .4 -ikR -k R
B (r,z) = ...Q (ZR d) e o '1d + (ZR+ d) e fo) Zd
cos kod (z - 1) Jk th (z 1 _JkoRZh
“cosk h| R c R e - ‘ (8)
o ih ‘ oh . A
' | . !
H,(r,z) = a e-JkoRld - e-Jk R 2d __Co_s ol 'Jkoth . e'Jkoth (o
P l/Izor “~ cos k h ‘

% The notation used here, (3.11), and snnllarl_}f throughout the text refers to

o .f;' an equatlon number in ’che far- -zone report cited as




Vr +(z-h) Vr +(Z+h)

' Followmg the 1nverse Fourler transform procedures employed in the prevmus _
dlscussmn of the far -zone fleld problem (Sectlon 3.3), the components of the
: electromagnetlc fleld observed When an arbltrary causal voltage is applled to the

' symmetrlcally loaded antenna are obtamed in the form

y

'fje}z,%éégz>,j=f e S

G Ci=1 =1

— v (;c-t - 2(3 - 1)A/c>

s %‘(t:fz—;.-'zq-m‘/.c)] L o

. .' ’ .,: [ ' . i < N ) r
S P . '(Z-'di) . Co
el = o (2 0y : =~ [t - -2 -
e e (r,z); 7R v, (t) E Ai’j R vo<.t ty; - 20 . 1.)A/c)
o U9 =1 ‘ L

1 =1 i

| . (z +d’j1). .. | |
. j“g;;.-vo(t- to, =203 - 1)A/c)} . (11)
| ) : - —__l— . . ' a -
byl ®) =t e “”Z- Ai.j[" <*’”‘ 2(j - DA/e)

- + v‘ (’c - tz - 2(3 - l)A/c)}




All of the components are given in retarded time, where , S : - ‘@

/3

.2 2 ‘ =‘/2 42 =sz+ L a2 )
Ro_- ‘r +z° Rldi r +$z di) , RZdi, B (z di) o
and
T (di+R1di - Ro)/c ’ tot © (di+R2di - Ro)/c '

Equations (10), (11), and (12) are the desired description of the elec‘cromagnetlc

" field near the ‘radiating structure.

It may be noted that: at a point (r,¢, 0) the-initial amplitude of the electric
* field is ZO times the initial amplitude of the magnetic field, just as it is in the far ¥

zone. The subsequent shape of the pulse is different, however.

Transient-Voltage Input to the Antenna -

: 115 the synthesis procedere previo;usl‘y develOped for far-zore fields, a

voltage step was the assumed mput to the antenna and a staircase. approxmaatmn

to the desired fleld tran51ent was obtamed . The procedure prevmusly developed

. can be extended to any. causal voltage source with only a shght modlflcatlon That
is _n_ot to say that, given'any arbltrarjy voltage %ransment input, the resistors may be
chosen to'yljel’d some desired electromagnetic-field transient. However, if the
desired field transient is within t.he/ class of functions that may be generated by the
assumed Voltage wave and a remstwely loaded antenna, then the synthesm proce=

) 'dure will yleld the requlred dlstrlbuhon of reszstors

The electrlc field observed at the pomt (Figure 2) (r ¢» 0) in the far zone 1s

. (t-(ifZ(j'l))A/C) b, (13) “ ;
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L . Figure 2. Multiply Loaded Antenna




in retarded time. Let v (t) be some simple causal input of the form v (t) =V f(t), '
where £(0)-= 0, and £(3/ c) 1. For this type of input the normallzed far zone : -.

electric-field transient is of the form

x[/re (r, 0) ' ‘ C , . .

R T f(t)+22 :Z : (t . (A+2< 5 >)a/c) (1)
E;: LZB c_:: . ‘::Z L‘ o " ' :
e e T T TR &

The éynthesis proceeds by finding an approximate expansion of the desired

normalized eleciric-field transient in the fofm

e (t) = |1t +Y " MAG - EA) o o as)
i=1 o ' ' -

Ml

A sol,u;cion for AL 1 is then obtained by equating coefficients of £(t ~ kA/c):

RYMES

’,4‘

ot
F

Ap1 ZAk 2<3«1) jooTERL L ND e (36)

and JM = Int[(k + 1)/2]. Int [x] means the integral part of x. - The .,requi.f‘ed‘ value.

of Rk ié determined from (3.32).

Thp-I:emé.ir:xiz‘lé-'ciuest'ioﬁvi‘é how 'shall tAhye M‘k’s b.e' selected. In the—"previous ) s 2
development, the coefficient Mz was selected so that the step approximation eé(t)' )
vielded an average fit to the desired normalized eleciric-field transient e (t) durihg
the interval, ’cz <t< t£+1’ Where t,@ = BA/C When the mput is not a voltage s’cep, '.
this selection is not approprlate several other methods of selectlon aré poss1ble,
the easiest of which is to choose Mz so that the approx1matlon e (t) is exactly equal_

‘here e (t) = e(t)/e(t )

Rl

. to the des1red normahzed electrlc field e, (t) at t = E—!-l’

»veN.(t,Zﬁ-l) - eal(?ﬁf;l) (,g+1) Z M £, =t _ . (17)




- .in retarded time, where

© - gince f(t) iz causal, £(t) = 0 if t< O," and since £(0) = 0, the desired value of M£ is

(tEﬂ z+1 ZMf(tzﬂ k)

1‘@: R .f(t -tﬂ) ‘ B ) f . (18) o

| 4)‘.1 |

" The coefficients are obtaineo sequentially.

As a guldelme of type of electrlc field translent tha’c may be generated by the

‘ resms’uvely loaded antenna, it should be noted that the normallzed waveshape observed

- is 11ke1y to be less than £(t), since the resistors have a degenera’twe effect on the

fleld Also 1t should be noted that, 1f the de51red field Waveshape is very SJ,rmlar to
; the applled voltage waveshape the resistors Would be small and a 1arge reflectlon

occurs when the wave reaches the end of the antenna

- Antenna Synthesis for Near-Zone Magnetic-Field Transients

‘ In this sectlon a synthesm prOcedure 1s deveIOped for seleotmg resistor.
. palrs 1o be used to symmetrlcally load a cylindrical antenna so that the magnetic |
. field observed at the point (r, ¢, O), in cylindrical coordindtes, approximates some

' des1red transient Waveform The restrlctlons that the pomt of observatlon 1s in

. the far zone and that the 1nput voltage is a voltage step shall no longer be requlred o

I.f the apphed voltage has the form v (t) =V f(t) Where f(t ) 1; and _
'f(t) = O t=0, then the normahzed magnetlo fleld at the point of observa’clon is
| 'obtamed from (12)

ey
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'iR‘di= Vr2+(iA)2
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When r > h t 2R and changes m the far-zone field occur perlodlcally at 1ntervals
of Al c. Slgnal changes caused by higher order bounces between res1stors near the

center of the antenna arrive at-the point of observation at the pre01se time that the
The COsiilCiegntis )
signal caused by the passage of another resistor by the primary current wave

arrives. /The antenna deSJLgner has some. control over every change in the radla’ned

When the pomt of observation is in the near zone, signal changes caused by

multlple reflectlons between re31stors arrlve at the pomt of observation between.

“ie -‘,,«-_u... P

the times that corre\spond to the arrival of the pmmary wave at another res:Lstor
OCCUIE Wit U v

because of the dlfferences in signal time delay Smce the designer may exer01se

control over the Waveform only when the prlmary wave passes another resistor,

a somewha’c degraded waveform éan be expected For this case, the synthems h

"'"‘proceeds by fmdmg an apprommatlon to the desn"ed magnetlc fzeld in the form

13 s = )

n ‘has seciicy, & :;.:“,‘,:;
pa;r«s £0 br: mu ESRERI SR ::,m..- = ‘ . . .
fieid onshy(t) = (1) +Z M) S T
ihe 12k TEUER B, ' R . | §

Here. ‘b (kA + Ry - 'r)/ e and M, 1s'deter'mined by (18) exactly as it is in

. k
the far-zone-case. ‘An’ equatlon for Ag 4 from which R/g may be determined by

equatgng (19) =the field produced by the an‘cenna to (20), ’che approximation of the
desivedsfield atotimé ¥'= t gap T LN ' ‘ :

(2.1)-;




B "Here the condltlon 1mposed upon f, that f(t) 0 for all tz O has been employed

L o 4 Vto reduce the, J,nflm’ce summatlons to tractable summatlons

RN 7‘;'.,,.‘.3;;;.:'}, . JU Int [c(tzH t, )/2A + 1] Co T O e
"-AE 1 occurs in (21) in more than one place, the select1on of Rz also mfluences the o '
. .value of the hlgher order reflectlons from resistors closer to the center of ’che
' antenna Because of time- -of - fllght cons:Lderatlons these reflectlons may arrlve
) _a’c the pomt of observatlon before t£+1 In Flgure 3 the pomt z, on the antenna

represents the point Where the travel tlme from 4A to Z, to the pomt of observa’clon

' is exactly equal to the travel tlme from ZA to (12 + l)A to the pom’c of observatlon
B The pomt Zg lies between -A and (L - l)A which are the llmlts for r = .0 and r T,

| ‘-reSpectwely The exacf value is ob’camed from (23) below

“Point.of Observation .

- A, 96, o)

1
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- Haredno ool liofcoimoilIDapniol thi o= Ll L it : -
» {O reduce tne . N 2-”"**","' B - L ek UYL =B ‘ ' ' ’B
reducs AT PIINLT) SUINIL NI v be St S e . ) R - 37
0<r<w , : (23)

et bty e

where D = P + (4 + 1) A - (,{7, - l)A I—hgher order bounces from reslstors
1ocated above point: z mvolve A,Z and a}"r_lve at the. pomt of observa‘clon before
=t fr-i-f oWhern. tlj.e ’sotal contrlbutlon-of Ag is factored from Equa’clon (21) the
form below is obtained.
| Z M £ty g - b)) =2 ZZ A jf(tzﬂ St -2 - 1)A/c>
- k=1 ’ =1 j=1 AR _
~ S T
£-10 . .
t2Ay Z Cﬁﬁ(%ﬂ "oy 20 1)§[c)__, -4
i1 o ' .
_where. :
IU=Int[ '/A] ) a
e
c(y=1,
i} - g
C(J) rg+1 C(m) s ] > 1 '
m=1 ;
"and ’ ‘
!




‘ B . .u: ‘ j Z M f(g+l ‘tk‘) ;Z_ZAk,‘jf(t,Z“*'l - .tk -_2(jv" l)A/C%) AZ 4T 0 | :
o kvl .8

) ZCQ)f( o f+'1_‘j¢ 20 - DAfe)

It the de51red values of Aﬁ, 1 are determmed sequentlally, the requlred value of
Rg may be determmed from Equatlon (3 32) in the far-zone study The selectlon
- of AE 1 is essentlally the end of the synthesz.s problem for near zone magnetlc
flelds An equlvalent formula for the synthesis of the z~ component of the electrlc

fleld may also be obtamed in the same manner, the result 1s

r
| DY Mkf(tgﬂ t) - 2 ZvAk’j e f(tz PR 2(3 - 1)A/c) A
| R ) < _f(zﬂ %1 - (s 1)A/c> |
S j=1 df+1-] _ PR
“Where the e;pp‘roxirnate' lshapeof‘ the desired electric field' is
e(t)-f(t)+ZMf(t-t) . S (27)

k=1

Aé in the ‘far' zorne case,v‘the antenna 'designer'loses control of the radiate‘dA wave-
shape when the prlmary wave of current reaches the end of the antenna, The length
- of the antenna must be chosen S0 that most of the desired waveshape has been
. simulated When the prlmary wave reaches the end of the antenna. . As an example of

;ﬂ' o+ ..-. the effect of truncatmg the an’cenna on the resultant magnetlc -field trans:.ent the

des:.red waveshape,




- observation is well Wlthln the

QA i LT LTI mne L iemlimea . il

e e

- was con51dered The Spacmg between resistors was chosen to be

I T (29)

‘ It was assﬁmed that the. voltage mput to the antenna was a voltage step and that the

syntheS1s range was 3A4 ‘Antennas Wlth half-lengths. 14A IOA and 6A were con-

2, \0—

51dered Figure 4 shows the normallzed rnagnetlc fleld at the point of observation.

- produced by each of the antennas. The portlon of the waveform that is of interest

hei‘e:is the portion after t = (h + R, - r)/ ¢, h‘ = h + r2 ; this is the portion

the designer has no control over; the current wave has reached the end of the
antenna and the subsequent waveform is controlled entirely by the—previous choice

of resistors. For the longest antenna, the reflection from the end of the sntenna

. is app'ar‘ent att "'2 02T; the gradual decay of the magnetic field after this time is

not too dlSSlmllaI‘ from the desired Waveform. As the antenna is'shortened ' less

_of the des1red\waveform is generated before the wave-reaches the end of the

“antenna, and a larger current Wave approaches the end of the structure. Accord—

’
1ngly, the change 1n the magnetlc fzeld caused by reflectlon from the end of the

antenna is larger, and a poorer over all approxlmatlon results

- . L . [ - - ~ . . .

B - T T - B - . O . .
. 7 s RS ST R
. . =1 Gl - ,

"In Flgure 5 the normalized electrlc fleld for each of these three antennas is
exhlblted These waveforms all approach a static dc value because-the pomt of '
"static zone'' of the antenna. For a voltage step

type of 1nput an estimate of the final value of the observed electric field may be

obtained from the zero frequency limit of the electric fleld produced by an unloaded

antenna center driven by a monochromatlc voltage source,
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ik Ry |
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.:'-.‘?la,mlt there 1s no current flow;mg on the antenna and consequently no voltage

' 'f developed across the res,tstors Evaluatmg (30) we have

Only an unloaded antenna need be conmdered because, in the low frequency

- where V 1s the fmal value of the applled voltage If v (t) is a voltage step then

' the percentage of the 1n1t1al peak field that is retamed as a statlc component is

)

Thls statlc component could be ellmmated by usmg an input voltage transwnt that
' eventually goes to zero, however the statlc component is not a ‘very serious
o con51deratlon since very few p1eces of electromc apparatus W’lll respond to a static

v electrlc fleld

The sharp dlscontmultles that occur in the waveforms shown in Flgures

(4) and (5) are prlmarlly assoc1ated w1th the assumed zero rise time on the

. excitmg step. If a voltage step'type of waveform w1th a nonzero rJ.se tlme is ..

- employed a smoother approx1mat10n results,

S Lilrnita’ci'ons of the Analysis o R o
i - - . . . ' L
The prlmary 11m1tat10n of the s1mp11f1ed antenna theory that the analysis is

: based upon is the requlrement that _the radius of the antenna is small enough that

i.‘ the "characterxstlc 1mpedance” Z_ of the antenna may be considered to be a

(31

o ; frequency mdependent constant A‘ccording to the simplified theory, when a'voltage'r

23



~ source 1s dmpressed acroﬁss the mput termlnals of the antenna, the initial input , j}

4y current.is: a*pulseuof 1dent1cal shape given by

(R
1}
[
"
(]
e
n
rd
t
i
!
Y
-~
¥

Q‘E'\'E.’.C ed

For thin antennas where the radlus ‘of the antenna is small compared to the wave—-
length of the highest significant frequency of the pulse, this response is an excellent
approxlmatl_on of the effect actually observed in the laboratory, and very good
quantitative results canbe expected from the use of the simplified'theorjy:.

For thicker antennas, current rapldly rushes onto the structure to charge up |
the capac1ty in the ne1ghborhood of the drlve termmals so- that, if the 1nput voltage
is a voltage step, the input current has a 51gmf1cant Splke on the front of the wave-
form and the ' characterlstlc impedance, " Za’ cannot be considered'to be frequency
1ndependent Use of the s1mp11f1ed theory can only yield a qualltatlve p1cture of the

o transient resporﬁse of a thlck atntenna For the antenna synthes1s problem, the use
e of 2 thin antenna is certainly desirable, for then the synthe81s procedure W111 yleld
7 | the; desz.red res1stor va}ues ,VYIJC}} reasonable accuracy However structural '

conmderatmns and driving voltage condltlons may require the use of a thlck antenna

-When a thick antenna must be used, the synthes1s procedure.can only provlde an

initial selection of resistors; final adjustment of the values experimentally must '

. -

be anticipated. o ' ' . L .

In the Section entitled ""Antenna Synthesis for Near-Zone Magnetic Field-

Transwnts, g formulas for the selectlon of the- values of the resistor pairs used to

e vade,

- symmetrtcal]?y lo_ad the antenna Were based upon the synthesis of elther a desired.

" magnetic- -field trans1ent,or ‘a des1red electric-field tranS1ent at the pomt of
observation in the near zone. It should be noted, however that the electric field
near the antenna has a static component so that the synthesis of an electric- fleld
transient that has no static component cannot be accomplished w1th a voltage step . | . '
into the 1ar& RIHEN S FOP RIS type of input voltage, the magnetic field is more easily
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